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ABSTRACT

A new theoretical approach to the problem of radar-
target scintillation was developed. It was applied to slender,
axially symmetrical targets that are much longer than the RF
wave length. The radar scintillation is analyzed and described
in terms of statistical parameters. The following sets of quantities
were derived and computed:

(a) mean radar cross sections, their RMS fluctuations and
average lobing frequencies;

(b) mean target centroids, their RMS deviations and average
meandering rates.

These and other variables were expressed as functions

of the aspect angle, radio frequency and of configurational

details.
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1. INTRODUCTION TO THE PROBLEM OF RADAR-TARGET SCINTILLATION

The radar characteristic known as ''target scintillation"
was defined by Muchmore [17 as a physical phenomenon that consists
of two effects: (1) the fluctuation of the rectified amplitude of
the target echo as observed in the video circuits, and (2) the
wander of the apparent centroid of target position as generated
by the output of a tracking circuit.* The scintillation of the
stars alsc consists of two effects: fluctuation of magnitude and
variation of position. However, it was pointed out by Muchmore
t hat the causes of stellar and radar target scintillations are
distinct. Star light twinkle is caused by the disturbances of
the intervening medium (atmosphere) whereas radar aircraft
fluctuation is produced by the interference between many scattering
points of a usually complex target. It will be shown later that the
N} properties of 2 radar receiver also may affect the character of
radar scintillation.**

For the desigﬁ of an efficient radar and weapons systemn,

i it is important to obtain a thorough understanding of the analytical

*In the present report we are concerned with target-centroid wander
in the angular space of the radar field of view. However, similar
methods may also be applied to circuits producing radar range and
radial range rate (Doppler). We shall follow Muchmore's definition
of '"target scintillation'" although some authors deviate from this
nomenclature. For instance Barton (Ref. [27]) refers to "amplitude
noise" as scintillation which other authors call "fading noise."
The term ''glint" is generally applied to "angular noise," the
quantity '"radar jitter" is a collective term that also includes
the effects of receiver and servo noise.

. xx
] See Appendix, Secs. A.IV and A.V.3.
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and 3tatistical character of the target echo. The latter enters

-

into two phases cof radar operation. During the stage of target

r detection and acquisition, the mean radar cross section (abbreviated

—

"RCS" in the sequel), its fluciuwation and time rate of fading play

an important role. The success of this operation can be measured

e

and computed by means of tables and graphs of pertinent references

{ (cf. [2], [3], [4]). An important entry of these tables is the

7 "category of the target,'" which is specified by several parameters.
L ’ One important characteristic is the average duration of the fading
!i interval as compared to the pulse repetition and scanning periods

of the radar.

During the target tracking and missile semi-active
B e homing stages of a missile-target intercept, similar problems
relative to radar performance are involved. The RMS fluctuation
if of the mean target centroid and its rate of oscillatory meander
: are both significant and somewhat parallel in concept. The problem
ié of '"glint" caused by the erratic wandering of the centroid, especially
- for extended targets at close ranges, is akin to the multiple-
1; target problem which has not yet been solved in a satisfactory
manner.

The knowledge of hostile target scintillations can be
!i obtained (a) by actual flight observations, (b) by static radar-

ground tests carried out on models and (c) by analysis and

3; computation, provided the configuration of the enemy craft is

known from photos or other means of intelligence. The present

r"‘-Q
[ —

analysis belongs to the latter category. It offers the following

',‘r_j
N

{ l —
J
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advantages: (1) cost reduction by avoiding hardware and test
operations during prelimirnary design stages of the defensive
weapon system, (2) flexibility in the choice of systems
parameters, and (3) mathematical evaluation of possible schemes
for dealing with heavily fluctuating targets. These schemes
include the selection of polarization, radio frequency modu-
lation, narrow-band filters the center frequencies of which

can be adapted to measured instantaneous frequencies, adjustable
automatic gain controls, etc.
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- II. BACKGROUND OF PAST AND PRESENT RESEARCH
ON THE RADAR SCINTILLATION PROBLEM

Various distinct approaches to the problem of radar
target scintillation can be found in the literature. The experts
in the field of radar signatures (K. M. Siegel and collaborators,
see Ref. [5]), developed an extensive physical and mathematical
theory by means of which the RCS of a complex structure (consisting
of hundreds of stations) can be computed as a function of aspect
angle, frequency and polarization. Good agreement between analytical
results and measured radar echoes is claimed. Some of the under-
lying assumptions and mathematical principles will be discussed
in Appendix A.I. The statistical results of this research team
are limited to concepts of so-called "first-generation statistics,"”
such as o0 (mean cross section), S (standard deviation of o) etc.
No use is made of quantities appearing in "higher-dynasty statistics"

such as multiple joint distributions, correlation functions ard
spectra.

A different type of a statistical theory of aircraft
scintillation was developed by Delzie [6] and Muchmore [1].
Their results appear in terms of spectra and probability densities.
However, their theory applies to simple airframe structures that
can be considered as an assembly of a few individual scatterers
or of a few simple areas of uniformly distributed scatterers.
Related problems were analyzed in Refs. [7], [20], [211, and [22].
Some interesting, statistical work was carried out by Robert V.
Kennedy, Major USAF. He was primarily concerned with radar
cross sections of simple, satellite-type targecs. (See Ref. [8]).

A natural extension of the above-cited work would call
for a combination of the ideas incorporated separately in the
investigations of the aforementioned resesrch teams. It would
then yield, for instance, the RCS spectra of complicated target
configurations. The preparation of such quantities presents a

e
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cumbersome computationul chore but it can be accomplished.
However, the results would still be inadequate for the design of
radars against specific complex targets, for the following two
reasons:

(1) "Spectra," in a strict sense, are only applicable to
stationary processes. They furnish the mean square amplitude
densities in the frequency domain, averaged over an infinite
interval of time. The radar operators in the field, however, are
well aware of the fact that the signatures of slender targets
vary markedly in.magnitude and spectral content when turning from
broadside to frontal aspect. What is needed here, is the knowledge
of temporary signal behavior. The concept and the analysis of
"locally stationary processes' will be introduced and utilized
in the present report to cope with this phase of the problem.

(See Appendix, Sec. A.II).

(2) Often one deals with complex targets consisting of many
component scatterers that are somewhat randomly distributed over
the length of the body. Radar interference between these scatterers
zenerates many nulls which appear randomly distributed in time.*

In the extreme case of a Poisson distribution, these lobes generate
a flat spectrum according to Ref. [9]. This very fact lies at the
heart of the multiple-target problem. If one deals with narrow-
band targets in the background of wide-band noise, one can design
narrow-band filters that emphasize the target signals and wash out
the ncise. If one deals with wide-band target signals,** no
ordinary filter is heipful. If one washes out the noise one
filters the target signal as well. The physical implication of
this fact is well known to the radar operator in the field. 1If

he tracks two targets of equal strength appearing simultaneously
and a fraction of a beam width apart, the radar axis will wander
erratically from one target to the other and sometimes stray

*
even if the target turns at constant angular rate.
*k
In many references ''target signals' are separated into two parts:

(1) "true target signals' such as '"true angular positions" and
(2) "target noise" such as '"glint." For other quantities such as
the "RCS" o, this separation is not as simple. For some variables
of closed-loop missile guidance, *his separation becomes even

arbitrary and depending on the ch..ce of the analyst,
-5 -
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il
' bevend these points until the signal getes lost. If the receiver
{ﬂ applies » narrow band tracking filtexr or a slower antenna servo,
the radar axis still undergoes excursions of the same magnitude,
(" only at a slower rate. Apparently what is needed here, in order
to cope with this difficulty, 1s a better knowledge of the so-called
! . "instantaneous frequency’ and of other parameters developed by
‘ % S. 0. Rice under the heading of "Statistics of the Count of Zero-
? , crossings.” (Ref. [10]). J. W. Follin, Jr., of APL proposed to
: ) apply this segment of Rice’s random noise analysis to the problem
j 3 of radar-target scintillation. The present author performed the

i mathematical analysis connected with this problem and the Conductron
Corporation carried out the numerical computations, (cf. References
(11l, [12], (13], (18], f19]).

. The major results of this investigation will appear in
] Section VII. For our specific task a particular type of target
configuration was chosen and used in our numerical calculations.
Tactical geometry and the choice of target coordinates wilil be
explained in Section III. General definitions and symbols are
given in Section IV, specific definitions and refined statistical
! ﬂ. notation in Section V. The underlying assumptions which primarily
B pertain to cur special project, are compiled in Section VI. 1In
15' addition, we used a number of general mathematical priaciples which
were very helpful in rendering the computational chores tractable.
" In order aot to encumber the main stream ¢f information contained
in the major body of this report, mathematical principles and
pertinent theorems were relegated to special sections of the
appendix, as were refined details of the mathematical formulation
of the problem and of the derivation of our formulae.

R
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III. TACTICAL GEOMETRY AND TARGET COORDINATES

The tactical geometry and target coordinates are explained

in Figure 1. Two cases must be considered:

(1> Monostatic Case

This case refers to the operation of a tracking radar
and the action of an actively homing missile. The radar-line of
sight and the target-iongitudinal axis form a plane (P) which is
depicted in Figure 1. Of special interest are vehicles with
axial symmetry. For this special configuration the RCS problem
becomes two-dimensional since one spatial dimension (Z-coordinate)
can be suppressed.

The choice of the coordinate system is shown in
Figure 1. The origin coincides with the nose tip {station "0"),
the x-axis with the longitudinal axis of the target, and the
y-axis lies in plane P. The vehicles are divided into N sections
whose end points on the contour or some other convenient locations
are selected as the stations Si which represent the individual
comporient scatterers.

More details which are important in the aralysis are
sketched in Figure 2.

Besides the stations Si’ the positions of the
instantaneous centroid S and of the mean centroid § are
important. In References 1] and [6], the latter are designated
as the "apparent" and "effective" radar centers respectively.

It is convenient to refer the so-called error angles g4 to the
line of sight toward S. Then one has ¢ = 0, If the radar axis
is stabilized toward §, the error voltage, averaged over a long
period, also vanishes. The aspect angle @ is the angle between
the x-axis and the LOS from the tracker T to S. The direction
of the LOS is gi.en by the unit victor ﬁO’ the direction at right
angles to it by the unit vector Uv' Note that TS and TSi are
almsst parallel and the angle &y is very small under '"far-field
conditions." The remaining quantities are indicated in Figure 1,
and are self-explanatory.

- s st o =




(P)

~N
~
~
\
€
\\ i \\
\N ~
N
. S Sy
s \?\ o >~ 8 N-1_
1 - - -
'O‘L‘\\_§ *8
il it sdieietindafindls Shailh Misdiudioniond = X
Figure 1. Tactical Geometry and
Target Coordinates
(P)
\\
unit vectors
<~
\77
~
~
> X

Figure 2. Details of Geometry




THE JOMNE HOPKING UNIVERSITY
APPLIED PHYSICS LABORATORY
GULVIR Brame. MARTLAND

(2) Bistatic Case

This case refers to the action of a semi-active homing
intercevotor. The target configuration is the same. However, the
single aspect angle O must be replaced by two angles, O, and

t
Or. The transmitter angle O, is the angle between the illuminator

LOS and the x-axis; the receizer angle Or is the angle between
the seeker LOS and the x-axis, as indicated in Figure 1. In the
definition of the error angles €y the LOS from the seeker to

! the mean centroid S forms the basic reference line in the
bistatic case, since it is the seeker receiver that measures the

error voltage.

o
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IV. GENERAL DEFINITIONS AND SYMBOLS

In the analysis of radar cross sections as applied to
the theory of target detection, the following quantities play an
important role:

g is the radar cross section of a body, in m2.
The RCS is 47 times the re-radiated electro-
magnetic power, in watts per steradian, divided
by the irradiated power per unit area, in watts
per mz.

c is the instantaneous RCS of a body computed by
the method of '"'relative phase.'" Where there is

no coanfusion likely, we shall simply omit the
subscript 'p'".

oy is the RCS of the individual component scatterer.

is the mean RGS'(Ordinarily, this is a time
average. 0 = o(t),,. However, ¢ might also

be considered as a parameter process with the
aspect angle © or the frequency f representing
the independent parameter. The mean then is taken
with respect to the parameter.*)

al

AC = 0 - 0 is the instantaneous deviation of the RCS

from its mean,
——2'1/ 2
Ogq ™ (a0“) is the standard deviation of the RCS.

(Note: Reference [5] uses the symbol "S".)

*

In the bistatic case one has o = o {Ot, Or} and the average can
be defined as o0 ~ o {Ot(q), Or(q)}av where the averaging
operation is extended over the parameter q.

- 10 -
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OMAX is the maximum possible RCS (taken over all
possible RF-phases for fixed parameters).

In the analysis of radar target glint as applied to
the theory of target tracking, the following definitions and
symbols are important:

{The various stztions of the target are indicated by
vectors or matrix colunns.. Vectors are denoted by capitals,
their components by lower-case letters. Conventional matrix
symbolism is used; in particular, primes designate transposed
matrices.)

\ x
i
X, = [xi, yi] - [yi] = position of station 81

X =[x, y]' = position of instantaneous centroid 8
(slow AGC).

X - [x, ;]' = position of mean centroid S (slow AGC).
8X, = X, - X = deviation of station 8, from 3

X = X - X = deviation of instantaneous centroid
from mean.
(AX'AX') = covariance matrix of centroid position
-—2-1/2 -71/2
xq = @ 5oy o= @y

]
Ub = [cos @, -8in O] unit vector in the direction
of the radar LOS, (@ - line)

L
U, = [sin ©. cos O] unit vector normal to the @ - line.

r = range from radar to target, in units consistent
with units of x.

x
In this analysis the vectors and matrices are of dimension "2".

- 11 -
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As wentioned in Section III, it is convenient to refer the error
angles € to the position of the mean centroid. Hence

v i
€y = ———F—— = —F = error angle of station S1 (1a)
(see Figure 2)
L}
(aX -U,)
€ = —=3 = error angle of instantaneous centroid (1b)

and, by definition,

E=0 (1c)

1/2
g = (D). (19)

Simple summations extend over all scatterers S1 with

i=1, 2, ..., N. VWe shall use the following abbreviations:

D)

Double summations extend over all combinations of i, j=1, 2, ...
...y N except terms with the same index:

SRLIO TN SELRS

l<isdfJ<N i¥j l<i<j<N i

-12 -~
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V. SPECIAL DEFINITIONS AND SYMBOLS APPLICABLE
TO RICE'S RANDOM NOISE ‘THEORY

For the application of S.0. Rice's "Random Theory of
Noise'" (Reference [10]), a rew statistical definitions are
necessary.

Let z = z(q) be a parameter process. (In our case,
z will be the RCS process 0(q), while the independent parameter
q could be the time t, the aspect angle O, or the radio
frequency f.) z is the mean of z(q) averaged over gq, and
; <z> 1is the ensemble mean of 2z(q). For homogeneous, ergodic
- processes, one has:

Z = <z>. (2)

The RCS process is a locally homogeneous process
x
(locally stationary if q = t), and equation (2) is valid at
least for a short range of the parameter q. Let

3 —_
P‘? Az = z(q) -2 .

N Then Az is an unbiased random process.

The quantity N = N{az|aq, q, p,...} is defined as
the number of zero crossings with (ositive slope of a sample
process Az(q) in an interval 1 ranging from q to q + Aq.
N itself is a random variable that depends on Aq, q, and possibly
on some other parameters, such as p, ...; N = N{az|aq; q, p, ...}
. is the mean of N. AN = N - N is the deviation of zero counts
I of a particular sample process from its mean value,

PR

S | _ lim N{az|aq, q. p, ...}
~‘$_ Nq Nq ~Az, q, p! “'} Aq_’o Aq

%*
See Appendix A.II.

-13 -
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is the mean count of zero crossings per unit of q. N_ is a density

with dimension q'l. N;d - Néd {aq} = (AN2) is the standard
deviation of counts of zero crossings with positive slope, taken

over the interval 1.

A properly defined standard deviation of zero crossing
density (or rate of counts) would be:
1/2

@ ) _[11- (AN[Ag])z]
sd’ q Aq-0 Aq

-14 -
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VI. BASIC ASSUMPTIONS AND PRINCIPLES USED IN THE ANALYSIS

The following basic assumnptions were utilized in our
analysis:

Basic Assumptions

(1) The target is a slender, axially symmetrical
vehicle,

(2) it consists of many independent scatterers, that
are randomly distributed alongside tbz body,

(3) the linear dimensions of the target and of the
distances between individual scatterers are large compared to the
radio wavelength A,

(4) shadowing effects and multiple scattering can be
ignored,

(5) the range r from the radar to the target is
large compared to the target length, ]

(6) the target lies within the regime of linear error
patterns of the receiving antenna,

(7) the antenna axis is space stabilized in the
direction of the mean target centroid,

(8) the receiver uses slow AGC* and square-~law
detection,**

(9) receiver noise and other types of interference
are ignored.

Assumptions (1) through (4) are typical for the special kird of
targets which we investigated, assumptions (5) to (9) pertain to
the properties of antenna and receiver and to their geometrical
relationship to the target. All these premises are very useful

in simplifying the analytical, statistical and computational

part of this study, especially if combined with a few mathematical
and physic-l principles which will be listed below and more fully
discussed in the appendix. ‘

*x
See discussion at the end of Section A.1IV.
*cf. remarks in Section A.V.3.

- 15 -
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Assumption (1) enables us to yeduce the problem from
4 3-dimensional to a 2-dimensicnal job. Assumption (9) implies
that receiver noise and target scintillations are statistically
independent of one another and therefore can be treated separately
and then combined.

Mathematical and Physical Principles which Simplify the Analysis

(a) Far-Field Scattering,

(b) Born-Approximation,

(c) Method of Random, Relative Phase,

(d) Central Limit Theorem,

(e) Principle of Local Stationarity,

(f) Lord Kelvin's Principle of Stationary Phase.

Items (a), (b) and (c) were effectively used by the
Conductron Corporation (cf. Ref. [5]) and will be discussed in
Appendix A.I. The central limit theorem (item (u)) is a conse-
quence of assumption (2). It enables us to utilize Gaussian
statistics. This property and the principle of local stationarity
(item (e)) entitle us to make use of some results of Rice's random
noise analysis. Principle (e) was introduced by us for this
purpose. It is a consequence o7 assumptions (2) and (?) and will
be described in Appendix A.II. lord Kelvin's principle of stationary
phase (item (f)) is very useful in simplifying the complexity of the
numerical analysis. In our case, some of the final expressions
consist of fourfold summations, running over all the coordinates
of the individual scatterers. If we deal with 50-100 scatterers,
the number of terms required for one single quantity as a function

of a set of fixed parameters (say frequency, aspect angle and
polarization) may tax the capability of a modern electronic
computer. The principle of stationary phase enables us to reduce
quadruple sums to double sums. Details of this method will be
found in Appendix A "II,.

- 16 -
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VII. SUMMARY OF MATHEMATICAL RESULTS

The results will be divided into two main sections’ 7.1
and 7.2 entitled "Simple Statistics' and '"Refined Statistics"
respectively. The former contains formulae which were obtained
previously by other researchers (cf. Refs. [5] and [19]), the
second main section applies the methods of Rice's analysis to
the scintillation problem, The results are believed to be new,
to the best of our knowledge.

Each main section is divided into two subsections,

B e.g., 7.1.1 and 7.1.2. The former deals with quantities of the
detection phase, primarily averages of radar cross sectinns, the
second subsection derives parameters which are useful in the
tracking problem. We are concerned with che erratic meander

of the target centroid in the radar's field of view (say in

i ‘ azimuth and elevation).

? Logically a third and fourth subsection should follow
i ' the second one and produce the corresponding parameters in range
o and range rate (doppler). But these problems were not part of our
"" present assignment. They will be analyzed .n future projects.
; (cf. remarks of Section VIII).

7.1 Simple Statistics

7.1.1 Radar Cross Sections of Fading Targets

-E Mean Cross Section
H

OED) 0, (0) (3a)
i

In the bistatic case, the quantity © . is replaced

i vy two angles Ot and Gr, as in equation (3b) and all following
: "~ formulae.

G0, 0,) =2 0,(0,, 0) (3b)

i

- 17 -
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Cross Section Peak

ouax ~ (I /2 (4)

RMS Cross Section Spread About Mean

1/2

o_.= ( g,0.) (5)
sd i;; 173
7.1.2 Radar Target Glint
Mean Centroid, Using Slow AGC
(Effectivegiifget Center)
;xi"i

- (6)

o

Corresponding equations hold for the components of X.

); X419

X = — (6a)
c

_ ; 1%

y - = (6b)
g

By definition and equation.(lc),

_ {: [(xi-?) sin O + (yi-?) cos Or]ai

rao

Covariance Matrix of Apparent Centroid Motion

! = ._.,.].'_. - - '
(BX8X) = — [1§J 0404 (X, + X, 2%) (X, + X, 2%) ] (8)

40
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In particular,

Standard Deviation of Apparent Centroid ir x-Direction

1 |

X

Standard Deviation of Apparent Centroid in y-Direction

sd "’E[i,j"i

o (xi + x, - 2X)

J J

2]1/2

1 —2]"?
Ved ™ -2—3- [1;3 oioj()i + yJ - 2y ]

Standard Deviation of Measured Error Angle (Slow AGC)

2ro

1 -
€cd {3% oioj[(x1 + xJ - 2x) sin Or +

_ 2 1/2
+ (y1 + yJ - 2y) cos Or]

7.2 Refired Statistics (Density of Nulls)

7.2.1 Radar Cross Sections of Fading Targets

Mean Number of Lobes per Unit of Parameter

13913

G
N {a0;q,p} = ——BL-[ g,0,(F, )2
9 9sd 155

In application to specific parazeters and cases,
Table 1 serves for the computation of Gq, Table 2 for the

computation of the term

F

qij°

- 19 -
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Table 1

| ’ VALUES OF G_
J
i‘ I Parameter q Units Gy
'l Aspect angle © rad l‘—- 1
| pe g 2r - X
k
[ teg 360
i} Radio freguency f Hz %
| 6
10
[ Mz 1
! Time t sec k_ é
. 21

where

——— ——— g

27 27f W
k x " o c is the wave number,

c = speed of light,

\
1
)

é = rate of change of aspect angle in radians/sec.

The units of A and ¢ must be compatible with those of o
¢ and 0.

i’




.
Nwmmewd

bt .o

THE JONND HOPKINE LIIVERIITY
APPLIED PHYSICS LABORATORY

SLven Sran. Masviame

Table 2
VALUES CF
UES OF oFiy
Parameter q Monostatic Case Bistatic Case
e
or 2[ (x -xj)sin 0 +(y, -yj)cos o] [(xi-xj)(sin @, +sin O, ) +
t
+(yi-yj)(cos Ot+cos Or)]
f 2[ (x -xJ)cos 9 -~ (yi-yj)sin Q] [(xi-xj)(cos Ot+cos Or) -
-(yi-yj)(sin 9 +sin Or)]

Cne example follows:

Mean Number of Lobes per Degree at Fixed
“Frequency in the Bistatic Case

N . - K -
NO{AG,Ot,Or} 360 5 { gs oioj[(xi,xj)(sin Ot + sin Or) +

(10a)

) 1/2
+ (yi-yj)(cos Ot + cos Or)]‘

7.2.2 Radar-Target Glint

Mean Number of Centroid Excursions per Unit of
Parameter in the x-Direction

" G 21/z
Nq 0x;q,pl = ;g;g——'[ ;G 040, (x1+x 2—) (q i ] (11a)

- 21 -~
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In the y-Direction
- \ G 2 1/2
uqlaq;q.n - -:-l—[ § 0,0 (yiﬂr:j -2y) (q ij) ] (11b)
2°ysd 1#J

While the last two quantities are not directly observable,
the following quantity can be measured from the veceiver:

Mean Numxber of Error Fluctuations per Unit ot Parcmeter

G
iq[e;q,p} - TL{ Y oioj[(xi+xJ»2§') sin O_ +

20regq \iFj
. (12)
2 2 | 1/2
+ (y1+yj—2;) cos Or] (quj)
One example follows:
Mean Number of Error Fluctuations per MHz at
Fixed Angle in the Monostatic Case
ﬁ'[eO]- § i:j[(x -2Xx) sin O +
core isty
+ (y1+yj-2§') cos 9]2 . (12a)

, 9 11/2
. [(xi-xj) cos O - (yi-yj)sin o] }

- 22 -
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. VIII. APPLICATION OF ANALYSIS,
CONCLUSIONS AND RECOMMENDATIONS

Application of Analysis

The Conductron Corporation of Ann Arbor, Michigan,
has applied the mathematical results of Section VII to a series
of specified uissiles.* A set of numerical calculations was
1l performed for the output quantities listed below as functions
- of various RF-wavelengths, aspect angles and polarizations:

- 3 eq. (3a)
[: Gm €eq. 4)
' Ogd eq. (5)
[ x eq. (6a)
-
X ed eq. (8a)
- Fq{Ao;q,p} eq. (10)
n (1.) for q=0, p= 0
(2.) forq=f, p= 0
[ ﬁA{AX;q,P} eq. (1la)
(1.) forq =0, p= 0
- (2.) for g=f, p= 0

At the same time, the Applied Physics Laboratory under
the sponsorship of ARPA carried out a parallel RCS measurement
program at Holloman Air Force Base by static ground tests on models
of the same specified missiles. Again various RF-wavelengths,
aspect angles and polarizations were utilized. What conclusions

- can be reached from a comparison of the theoretical and experimental
5 results?

*Reference (18], (c) and (d).
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Conclusions
[] Before answering the last question, a few general
! remarks are in order. We deal with very complex and extremely
{} phase-sensitive structures in the microwave regime. At first
J

sight, some of the output quantities appear to fluctuate wildly

and randomly as functions of certain parameters or i. response

to slight changes of the configuration. It is difficult to assign

! a well-shaped spectrum to the output signals. A flat spect<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>